Purpose: We describe the effectiveness of lacosamide as adjunctive therapy in patients with epilepsy and an intellectual disability. This information is relevant, as few data exist pertaining to this population with a high prevalence of (intractable) epilepsy. Methods: We performed a retrospective study in three specialised institutions. Inclusion criteria were (1) focal onset or symptomatic generalized (2) therapy-resistant epilepsy, (3) intellectual disability and (4) residence in a care-facility for people with intellectual disabilities (PWID). The primary outcome variables were the retention rates of lacosamide, estimated through Kaplan-Meier survival analysis. Secondary outcomes were reported seizure control, side effects and clinical factors influencing discontinuation. Results: One hundred and thirty-two patients were included. The median retention time of lacosamide in our cohort was four years. The estimated one-, two-and three-year retention rates of lacosamide were 64%, 57% and 56% respectively. Severity of intellectual disability and seizure type did not influence whether lacosamide was continued. In 48.5% of patients, a reduction of seizure activity was reported. Side effects were at least part of the reason for discontinuing treatment in 26.5% of all patients. Common side effects were tiredness/somnolence (in 30.3%), aggression/agitation (24.2%), and instable gait (15.2%). Five deaths during follow-up were considered unlikely to be related to the use of lacosamide. One patient died unexpectedly within two months of treatment onset, probably this was a case of SUDEP. Conclusion: These retention rates of lacosamide in PWID are similar to rates of previously registered antiepileptic drugs in PWID. Behavioural side effects were noted in a high proportion compared to the general literature on lacosamide. Other side effects were in line with this literature. Lacosamide seems effective and safe for PWID and refractory epilepsy.
Introduction
The prevalence of epilepsy in the general population is estimated at 0.5%. Approximately 50% of patients with newly diagnosed epilepsy become seizure free with initially prescribed anti-epileptic drugs (AED's). Despite the registration of new antiepileptic drugs, 30% of patients will continue to have seizures after treatment with at least two different AED's, successively or concomitant (refractory epilepsy) [1] . In people with intellectual disabilities (IQ less than 70), the prevalence of epilepsy is estimated to be substantially higher than in the general population: 10-30% [2] . With increasing severity of intellectual disability, the prevalence of epilepsy increases as well. Intellectual disability is associated with multiple seizure types within an individual and a poorer prognosis for seizure control -with refractory epilepsy in up to 75% of patients [3, 4] . The refractory nature of epilepsy in this population often provides the need for polypharmacy, including new AED's [4] .
Whilst the prevalence of epilepsy is high in people with intellectual disabilities (PWID), they are typically excluded from randomised controlled clinical trials (RCT's) with new AED's, on account of ethical concerns about the capacity to consent, and of foreseen problems with diagnostics, seizure count, assessment of adverse effects and compliance to therapy [5] . As a result, there is little evidence on optimal treatment of epilepsy in PWID. Clinical guidelines for the management of epilepsy in adults with an intellectual disability recommend the same AED's as prescribed in the general population -which include sodium valproate, lamotrigine and potentially carbamazepine or levetiracetam as first options for treatment of focal onset and symptomatic generalized seizures -taking special consideration of potential adverse cognitive and behavioural effects of AED's [6] . A Cochrane review of 14 RCT's on pharmacological interventions for epilepsy in PWID concluded that lamotrigine, topiramate, clobazam, rufinamide and felbamate seem effective and tolerable as adjunctive therapy, and consider this to be evidence supporting the use of similar AED's in PWID as in the general population. The review reports that pharmacological interventions are still underinvestigated in the population of PWID [7] . More recently, retrospective studies have addressed the duration of treatment (retention rate) and -if applicable -the reason for discontinuation of several new anti-epileptic drugs in PWID. The retention rate was used as an indication for efficacy and tolerability of AED's in intellectually disabled patients, where precise registration of seizure frequency is notoriously difficult. The studies present twoyear retention rates of 40-75% for lamotrigine, levetiracetam, topiramate and perampanel and of 85% for oxcarbazepine [5, [8] [9] [10] . Two of these articles concluded gabapentin to seem less effective.
Lacosamide was registered in Europe in 2008, as an adjunctive AED in the treatment of refractory partial-onset seizures with or without secondary generalization. Its mechanism of action is believed to be blockage of sodium channels. Three randomised controlled trials on the efficacy of lacosamide as an adjunctive AED in partial-onset seizures showed a reduction (>50%) in seizure frequency in 30-40% of patients, and a median reduction of seizure frequency of 14 to 45% [11] [12] [13] . Three prospective studies and two retrospective studies estimated one-, two-and three-year retention rates of lacosamide to be 62-77%, 45-71% and 35-52.9% Table 1 Demographic and clinical characteristics of all included patients (n = 132). AED's = antiepileptic drugs.
respectively [14] [15] [16] [17] [18] . Estimated median retention times vary from 196 days, in another retrospective large cohort study, to 3.2 years [14, 16, 19] . In two of the studies, about 20-30% of all patients reported a period of significant reduction (>50%) in seizure activity [14, 15] , the other two studies mentioned a 50% reduction of seizure frequency in 50% [16, 17] . Frequently mentioned side effects were dizziness (24.2-55%), headache (12.7-20 .8%), diplopia (10.3-18.6%), ataxia (4-23%) and nausea (10-18%) [12, 13, 16, 17] . The efficacy and tolerability of lacosamide was researched in a small group of patients with Lennox-Gastaut syndrome [20] . The median retention time of lacosamide was 90 days, retention rates were not given. Lacosamide reduced seizure frequency by more than 50% in only 10.5% of patients. Lacosamide increased seizure activity in 78.9% of patients. Behavioural side effects were reported in 47.7% of patients, the most common were aggressiveness and irritability or somnolence. A recent monocenter study assessed the use of lacosamide in a heterogeneous population of patients with intellectual disabilities [21] . A median retention time of 1.5 years and one-, two-and three-year retention rates of 62.0%, 43.7% and 29.1% respectively were described. The most common reason for discontinuation was lack of efficacy, 11% of patients experienced side effects.
In the current study, we retrospectively assessed estimated one-, two-and three-year retention rates of lacosamide for refractory epilepsy in PWID in every-day clinical practice, using the data from three specialised institutions for PWID and epilepsy.
Methodology
We performed a retrospective study, with the estimated retention of lacosamide as an adjunctive AED as primary outcome variables. Data were acquired from electronic patient files available in the two large epilepsy clinics of the Netherlands, SEIN and the academic center of epileptology (ACE) Kempenhaeghe, and a large institution for intellectually disabled patients (de Amerpoort/ Sherpa). All patients of these centres with an intellectual disability (IQ less than 70) and epilepsy were included, provided they were currently taking lacosamide for epilepsy or had used it in the past. In all three institutions all patients with epilepsy are seen in an outpatient setting by a neurologist with special interest in epilepsy, at least once a year, and more often when indicated. Normally, the neurologist has an appointment with the legal representative and/ or the primary professional caretaker of the patient.
The local medical ethics committee of the ACE Kempenhaeghe approved this study and decided it did not require further evaluation based on the Medical Research Involving Human Subjects Act (WMO). Due to the retrospective nature of the data and anonymous data handling and analysis, formal consent was not required. Included patients did give a general consent to future use of their data for research purposes at their admission to the clinics.
For the purpose of this study, data were considered on age, sex, weight, severity of intellectual disability (categorised according to the DSM-V criteria), aetiology of epilepsy, seizure type (according to the ILAE 2017 criteria), duration of treatment with lacosamide, dosage of lacosamide, previous and concomitant anti-epileptic medication (stratified into sodium channel and non-sodium channel medication), concomitant behavioural medication, changes in seizure frequency and severity with lacosamide, adverse effects of lacosamide, and reason for discontinuation. The reason for discontinuation could be lack of efficacy, the occurrence of adverse effects or a combination.
Data were gathered from the onset of treatment until either the date of discontinuation of lacosamide or the date of data collection. The primary outcome variable of the study was the retention of lacosamide, estimated through Kaplan-Meier survival analysis.
Patients still using lacosamide at their last follow-up were censored from that moment on in the survival analysis. To promote comparability to literature, we specified one-, two-and three-year retention rates. The statistical package we used was SPSS.
Secondary outcome measures were efficacy -as reported by the neurologist and categorised as 'effective in reducing seizure frequency', 'effective in reducing seizure severity', 'not effective' or even as a further increase of seizure activity after starting lacosamide -, adverse effects of lacosamide -as reported by patients, carers or the neurologist -, and -if lacosamide was discontinued -the reason for discontinuation. Furthermore, we investigated the relationship of severity of intellectual disability, seizure type, dosage and efficacy of lacosamide, and number of preceding and concomitant AED's with the probability of discontinuation of lacosamide and the occurrence of adverse effects, and the relationship of adverse effects with the probability of discontinuation. We applied Chi-square tests for categorical data and Mann-Whitney U tests in case of continuous independent variables. To reduce the chance of a type-II error, we adhered to an alpha level of 5% and did not apply corrections for multiple testing.
Results
One hundred and thirty-two intellectually disabled adults who had ever used lacosamide were included in the study. Demographic and clinical characteristics are displayed in Table 1 . Patients were aged between 18 and 78 years, with a mean age of 42 years. The severity of intellectual disability was categorised as being 'mild', 'moderate', 'severe' or 'profound'.
Included patients had a wide spectrum of seizure types and aetiologies. The most frequent etiological classifications of epilepsy were genetic, post-infectious and perinatal hypoxia, although the aetiology was classified as unknown in the largest proportion of patients (40.9%). Established genetic causes included tuberous sclerosis (n = 6), Down syndrome (n = 2), DCX related disorders (n = 2), Dravet syndrome, Rett syndrome and ring chromosome 20 (each n = 1). Vascular causes included ischemic and haemorrhagic stroke and vascular structural abnormalities. More than half of the patients had (multi)focal onset seizures with secondary generalization, while 23.5% had generalized onset seizures and for 15.2% seizure type was unknown.
On average, patients had received seven different AED's before lacosamide was prescribed, including on average two other sodium channel blockers. An average of two AED's were prescribed alongside lacosamide, excluding escape medication. The most common prescribed AED's alongside lacosamide were sodium valproate, carbamazepine, lamotrigine, clobazam and levetiracetam. Generally one other sodium channel blocker was prescribed alongside lacosamide. About a third of the patients used concomitant behavioural medication; either antipsychotics, benzodiazepines or antidepressants.
Retention of lacosamide
Estimated retention rates of lacosamide are depicted in KaplanMeier survival in Fig. 1 . The median retention time of lacosamide was four years (SD AE 0.8 years). The one-, two-and three-year retention rates of lacosamide were 64%, 57% and 56% respectively ( Table 2) . Of 132 included patients, 63 patients (47.7%) eventually stopped taking lacosamide during follow-up, fifty-five (85.7%) of which in the first two years after onset. The mean follow-up time for all patients was 4.6 years and was not significantly different between patients who continued lacosamide versus patients who discontinued lacosamide (Table 3) .
Lack of efficacy was at least part of the reason for discontinuation in 73.0% of patients that discontinued lacosamide; in about half of these patients side effects also played a role in the decision to discontinue ( Table 2) . Severity of intellectual disability, seizure type, number of previously used AED's and number of concomitant AED's were not associated with whether lacosamide was continued (Table 3) . Patients who used another sodium channel blocker were more likely to discontinue lacosamide.
Efficacy and adverse effects
Lacosamide was reported to be effective in 48.5% of patients, in reducing seizure frequency, severity or both. These patients were more likely to continue taking lacosamide (p < 0.001). The mean maintenance dosage of lacosamide was significantly higher in patients who continued taking lacosamide than in patients who did not. No patients became completely seizure free after starting lacosamide. In 7.6% an increase in seizure frequency was reported.
In total, 83 (62.9%) patient files mentioned adverse effects related to the use of lacosamide. These adverse effects were classified into behavioural (in 51.5% of all patients) and somatic side effects (in 33.3% of patients). On the contrary, 10.6% of PWID expressed more initiative and alert behaviour whilst taking lacosamide. The frequency of occurrence of specific side effects is displayed in Table 2 . Multiple side effects could be mentioned in a single patient file.
The occurrence of adverse effects attributed to lacosamide was not different depending on severity of intellectual disability (p = 0.87), dosage (p = 0.83) or efficacy of lacosamide (p = 0.27), or depending on the concomitant use of other AED's (p = 0.58) or behavioural medication (p = 0.07; Table 4 ). The largest proportion of the patients that discontinued lacosamide experienced behavioural side effects (p = 0.04; Table 3 ). Six patients died during treatment with lacosamide, these cases are described in Table 5 . Four patients died at least six months after commencing treatment with lacosamide of causes clearly not related to the use of lacosamide. The death of the fifth patient -a 30-year old female with a refractory Dravet syndrome -seven months after the start of treatment with lacosamide, was classified as a SUDEP. An ECG performed a year before lacosamide was added to her medication, showed no abnormalities. No autopsy has been done. The sixth patient -a 35-year old female with symptomatic focal onset seizures of unknown aetiology -died unexpectedly, two months after the start of treatment with lacosamide. In the first month of treatment, lacosamide had a positive effect on the patient's seizures and no side effects were noted. The dose was then increased from 50 mg once to 50 mg twice a day. Less than a week later, the patient suffered from headache, vertigo, nausea, somnolence and high blood pressure (RR 187/132). The patient died two days later of unknown causes. The patient was not known to have heart disease (e.g. arrhythmia's or conductive disorders), Table 3 Characteristics of patients who continued or discontinued lacosamide.
Characteristic
Continued lacosamide (n = 69) Discontinued lacosamide (n = 63) P-value 
Discussion
In this multicentre cohort of PWID and refractory epilepsy, with a mean follow-up of almost five years after initiating lacosamide, we report an estimated two-year retention rate of lacosamide of 57% which is comparable to the published two-year retention rates of lamotrigine (57-75%), levetiracetam (46-59%) and topiramate (38-63%) in previous studies in PWID and epilepsy [5, 8, 9] . Previously published two-year retention rates of oxcarbazepine were higher, and those of tiagabine and gabapentin were lower than those of lacosamide. Although classification of seizures in our sample was based on limited data, we included 23.5% with seizures of presumed generalized origin, which are formally not within lacosamide's registered indication. However, we found no association between the continuation of lacosamide and seizure classification.
The high prevalence of refractory epilepsy in PWID implies that new AED's are often prescribed. With few data from RCTs available, the retention rate of an AED in clinical practice is considered a useful measure to reflect efficacy and tolerability in this population. The assumption is that, after starting an AED, the neurologist decides to continue treatment when tolerance is at least acceptable and when a meaningful reduction in seizure activity is achieved, albeit that in clinical practice this subjective assessment is not always backed up with objective data [10] . As expected, lacosamide was reported to be more effective in patients who continued lacosamide. Higher doses of lacosamide were prescribed in patients who continued using it, probably reflecting better tolerance.
Retention rates of lacosamide have been studied before in the general population and in PWID. The median retention time of lacosamide in our study, of four years, was higher than in similar studies of lacosamide retention, where median retention times varied from a little over half a year to about three years [14, 16, 19, 21] . However, the median retention time as a measure also reflects the number of patients at risk. The discontinuation of treatment in one patient may evince a larger impact on the estimated retention rate when the number of patients at risk is low and Kaplan-Meier survival analysis should be interpreted with caution when an increasing number of patients are censored [22] . Whilst the two-year retention rate of 57% in the current study in PWID is comparable to that of the general population, reported to be between 45 and 71%, the three-year retention rate of 56% in the current study is a little higher than the reported values for the general population, namely 35-53% [14] [15] [16] [17] [18] . This might be due to the influence of the amount of censored patients on estimated retention, as explained for the median retention time. Another possible explanation may lie in the difference in frequency or method of assessing efficacy in PWID compared to the general population. In the general population, seizure frequency was significantly reduced in 30-40% of patients [11] [12] [13] . A significant effect in the general population was usually defined as a 50% reduction in seizure frequency [16] . In our population, neurologists reported lacosamide to be effective in 48.5% of all patients, although we did not attempt to register exact effect sizes, since acquiring reliable data on seizure frequency is notoriously difficult in PWID. The higher long-term retention rates in our study in comparison with that of the general population, might therefore reflect that smaller gains were considered to justify the continuation of lacosamide, especially if lacosamide was well tolerated.
The retention rates in our study also compare favourably to the results of two studies on the use of lacosamide in PWID, one small but more homogenous group of adults with Lennox-Gastaut syndrome [20] and another more heterogeneous cohort of about the same proportions as in our study [21] . The shorter median retention time in the Lennox-Gastaut study may point to lacosamide being less useful in such generalized forms of epilepsy, although we did not evince a difference in likelihood of treatment continuation between patients with generalized and partial onset of seizures. The difference in median retention time, as well as the steeper decrement of retention rates over time in the latter study with PWID [21] -with a one-year retention rate of 62.0%, comparable to ours, and increasingly lower two-and three-year retention rates -, may again be influenced by the faster decrement of the number of patients at risk. Alternatively, it might be based on a difference in outcome assessment and decisions to discontinue between centres. Eighty-three of 132 (63%) patients experienced adverse effects of lacosamide, which were at least part of the reason for discontinuation in 26.5%. Higher doses of lacosamide were prescribed in patients who continued using it, probably reflecting better tolerance. The most common adverse effects were 'tiredness/somnolence', 'aggression/agitation' and 'instable gait', in line with the most common adverse effects in patients with Lennox-Gastaut syndrome [20] . In the general population, somatic side effects such as dizziness, headache, diplopia, ataxia and nausea are more common [12, 13, 16, 17] . Behavioural side effects are less common in the general population, with a reported incidence of about 4% [23] . Behavioural side effects generally appear to occur more often in PWID than in the general population [2] . In our study behavioural side effects were associated with discontinuation of lacosamide. We also noted positive behavioural effects in 10.6% of our subjects. A positive effect of lacosamide on mood has been reported in other studies as well [24] . Somatic side effects were reported less often in PWID than in the general population, which may indicate under-reporting due to limitations in communication skills. The dosage of lacosamide and number of concomitant AED's were not significantly related to the incidence of side effects. The concomitant use of other sodium channel blockers also did not influence the incidence of side effects, however it did influence whether lacosamide was continued, possibly reflecting the tolerability of the side effects. This association might not be significant if we applied corrections for multiple comparisons and should therefore be interpreted with care. It is however in line with literature and an implication for further research in this population.
Six patients, died during treatment with lacosamide. In four cases a clear cause of death was established, unrelated to epilepsy. Two deaths were 'unexplained'. One of these two patients died seven months after starting treatment with lacosamide from Sudden Unexplained Death in Epilepsy (SUDEP) as classified by the treating physician and we feel this latency suggests it was unrelated to the medication [25] . The other patient died unexpectedly within two months of starting treatment with lacosamide, after experiencing symptoms of headache, vertigo, nausea, somnolence and high blood pressure. The patient was not known to have a cardiac disease and did not take concomitant medication associated with PR prolongation. Apart from the (preexistent) hypertension, all of these symptoms have been registered as possible side effects of lacosamide [26] . There have been sporadic reports of sudden cardiac death or severe cardiac complications as a result of high-dose lacosamide [27] [28] [29] and the EMA advise caution when prescribing lacosamide to patients with known conduction problems, concomitant medication associated with PR prolongation or patients with a history of severe cardiac disease (e.g. myocardial infarction and heart failure) [30] . However cardiac complications have never previously been attributed to treatment with the low dosage of lacosamide that was prescribed to our patient. Therefore we feel this case might also represent a case of SUDEP. Two SUDEPs in a sample of 132 therapy-resistant epilepsy patients, during a median follow-up period of over 4.5 years, do not exceed published estimates of SUDEP in this setting [31, 32] . In the three centres that participated in the current study, routine ECGs are not performed before commencing lacosamide treatment. The yield of screening for cardiac abnormalities by routine ECG in this setting seems low [21] .
Conclusion
Lacosamide seems effective and well-tolerated as an adjunctive anti-epileptic drug in this study of PWID and refractory epilepsy, irrespective of seizure classification and severity of intellectual disability. We found retention rates comparable to other adjunctive AED's in this population, and to recently published rates of lacosamide in PWID. Frequent side effects were tiredness or somnolence, aggression or agitation and instable gait, which were the reason for discontinuation in a little over a quarter of all patients. Behavioural side effects were more common in our sample than in the general population. One patient died unexpectedly within two months after commencing treatment with lacosamide, possibly to be classified as a SUDEP. In conclusion, our data suggest lacosamide is an effective and safe treatment option in PWID and epilepsy who fail to respond to first-line AED's, but special attention should be paid to behavioural adverse effects.
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